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by Hammes et al. that only about 1% 
of  the  3H-label  in  their experiments  is 
associated  with  the  cells  is  difficult 
to interpret.












as  effective  at  activating  the  reporter 
gene as DHT alone. The most reason-
able  interpretation  is  that  free  DHT  is 
the active species and that SHBG itself 
has a modest effect  (through mecha-









is not necessary  for DHT  to enter  the 
cell and to activate the reporter gene.
Thus,  the  conclusion  by  Hammes 
et al. that there is a megalin-mediated 
endocytic  pathway  for  the  uptake  of 
androgens  and  estrogens  bound  to 
their  SHBG  proteins  does  not  seem 






















Hammes,  A.,  Andreassen,  T.K.,  Spoel-
gen,  R.,  Raila,  J.,  Hubner,  N.,  Schulz,  H., 
Metzger,  J.,  Schweigert,  F.J.,  Luppa,  P.B., 
Nykjaer,  A.,  and  Willnow,  T.E.  (2005).  Cell 
122, 751–762.
Janne,  M.,  Hogeveen,  K.N.,  Deol,  H.K.,  and 
Hammond,  G.L.  (1999).  Endocrinology  140, 
4166–4174.
Kinuta,  K.,  Tanaka, H., Moriwake,  T.,  Aya,  K., 
Kato,  S.,  and Seino,  Y.  (2000).  Endocrinology 
141, 1317–1324.
Nykjaer,  A.,  Dragun,  D.,  Walther,  D.,  Vorum, 
H.,  Jacobsen, C.,  Herz,  J., Melsen,  F.,  Chris-
tensen, E.I., and Willnow, T.E.  (1999). Cell 96, 
507–515.
Smith,  C.M.,  Ballard,  S.A.,  Wyllie,  M.G.,  and 
Masters, J.R. (1994). J. Steroid Biochem. Mol. 
Biol. 50, 151–159.
Sodergard,  R.,  Backstrom,  T.,  Shanbhag,  V., 
and Carstensen, H. (1982). J. Steroid Biochem. 
Mol. Biol. 16, 801–810.Response: 





receptor  gene  family,  in  reproductive 
tissues. We chose the most appropri-
ate  experimental  models  available  to 
us:  a  megalin  knockout  mouse  and 
the  BN16  cell  line,  which  has  been 







ity, implicating megalin in androgen and 456  Cell 124, February 10, 2006 ©2006 Eestrogen action  in  vivo.  In BN16 cells, 
we  showed  that  megalin,  an  estab-
lished endocytic receptor for the carrier 





These  findings  suggest  that  sex  ster-
oids not only  enter  cells by  free diffu-
sion but may also use endocytic path-
ways  to  gain  entry  into  certain  target 
cells. Furthermore,  these data provide 
a  mechanistic  basis  that  can  explain 
the observed sex steroid insensitivity in 
the megalin-deficient mouse.lsevier Inc.Megalin knockout mice suffer  from 
obstruction  of  the  vaginal  cavity  in 
females  and  impaired  descent  of  the 
testes in males, albeit at normal plasma 
levels  of  sex  steroids  (Table  1,  page 
755  of  Hammes  et  al.,  2005).  These 
phenotypes  are  reminiscent  of  those 
found  in  animals  treated  with  andro-
gen  and  estrogen  receptor  antago-
nists (Hammes et al., 2005). Contrary 
to Dr. Rosner’s claim,  this phenotype 
cannot  be  accounted  for  by  vitamin 
D deficiency because animals  lacking 
the vitamin D receptor exhibit very low 










different  during  development  when 




adult  steroid  target  tissues  where  it 
has been implicated in local hormone 
action.  This  is  in  agreement with  our 
model of a role for megalin in mediat-
ing specific actions of androgens and 
estrogens  (testicular  descent,  open-
ing of the vaginal cavity) but not in the 




tein  or  albumin,  that  also  bind  to  the 
multiligand  receptor  megalin  (Cui  et 
al., 1996). The fact that BN16 cells do 
not  express  nuclear  hormone  recep-
tors is irrelevant for our study because 
we used these cells to investigate the 
route of  cellular  uptake of  bound  sex 
steroids.  We  determined  binding  to 
the  cells  and  internalization,  which 
precede, and are  independent of,  the 
subsequent  signaling  pathways  acti-
vated by sex steroid hormones.
Dr.  Rosner  also  raises  issues  con-
cerning  technical  details  of  our  cell 
culture  studies.  Concerning  the  spe-
cificity  of  the  megalin-SHBG  inter-
action,  we  fail  to  see  how  the  point 
regarding uptake studies in cells using 
denatured  proteins  could  impact  our 
interpretation  of  the  biological  role  of 
the native protein. We have extensively 











compares  40%  degradation  of  125I-
SHBG  (Figure  1B)  with  11%  3H-tes-
tosterone being  associated with  cells 
(Figure  1C),  interpreting  this  discrep-
ancy  as  evidence  against  uptake  of 
steroid  and  carrier  in  a  complex.  In Figure 1B, we use degradation assays 
to  evaluate  the  amount  of  125I-SHBG 
that  passes  through  the  endocytic 
compartments  in  a  5  hr  period  by 
determining  lysosomal  degradation 
products  accumulating  in  the  cell 
medium. In Figure 1C, we measure the 
amount of 3H-testosterone associated 
with  cells  at  a  given  time,  disregard-





the  steroid or  the  carrier moiety)  and 
show that identical amounts (approxi-
mately 7%) are associated with cells.





of  steroid  present  in  cells  at  a  given 
time point in the absence or presence 
of  carriers  or  megalin  antagonists. 
Any  cellular  activity  following  steroid 
internalization  (such  as  modification) 
is clearly dependent on the enzymatic 
repertoire  of  individual  cell  lines  and 
is  secondary  to  the  uptake  process. 
Remarkably, in his own studies on the 
role  of  SHBG  in  the  cellular  uptake 
of  3H-androgens,  Dr.  Rosner  also 
determined  cell-associated  radio-
activity  but  not  enzymatic  modifica-
tion  of  the  steroids  (Plymate  et  al., 
1991).  The  experiments  measuring 
fractional  uptake  of  3H-testosterone/ 
SHBG  complexes  in  the  presence 
of  excess  SHBG,  requested  by  Dr. 
Rosner,  are  shown  in  Supplemental 
Figure 3 (Figure S3).
In  Figure  2,  Dr.  Rosner  is misinter-
preting  the  experimental  design  that 
underlies  ligand-carrier  complex  for-
mation.  In  panel  A,  purified  steroid/
SHBG complexes were used.  In pan-
els  B  and C,  1  nM  testosterone was 
mixed  with  a  large  excess  of  SHBG 
from  conditioned  media  as  stated  in 
the  figure  legend.  Thus,  more  than 
95% (not 50%) of the steroid is bound 
under  these  conditions.  In  conclu-Cell 124, Fsion,  our  cell  studies  reaffirm  that 
complexed  steroids  can  enter  cells 
by  receptor-mediated  endocytosis  of 
SHBG.  Our  findings  directly  support 
the work of Dr. Rosner, who, for more 
than  20  years,  has  championed  the 
concept  of  cell-surface  receptors  for 
SHBG on steroid target cells that play 
roles  in  local  actions  of  sex  steroids 
bound to SHBG.
Contrary to Dr. Rosner’s statement, 
we do not  claim  that  steroids cannot 
enter cells by  free diffusion  in vitro or 
in  vivo  (free  hormone  hypothesis). 
Rather, we suggest that specific, spa-
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